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INSPECTION METHOD, PROCESSOR AND METHOD FOR MANUFACTURING A 

SEMICONDUCTOR DEVICE 



5 CROSS REFERENCE TO RELATED APPLICATIONS 

This application is based upon and claims the benefit 
of priority from prior Japanese Patent Application P2003-035383 
filed on February 13, 2003; the entire contents of which are 
incorporated by reference herein. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to photolithography, more 
15 specifically, to an inspection method for an illumination 
optical system of an exposure tool. 

2. Description of the Related Art 

Accompanying progress of semiconductor manufacturing 
20 technology, more specifically, miniaturization of a 
semiconductor device and enhancement of integration density, 
the performance specification required for an exposure tool, 
which transfers a fine pattern onto a semiconductor substrate, 
has critical. Since a variation in dimensions of a pattern 
25 which configures a semiconductor device, affects the operating 
speed of the semiconductor device, an exposure process is 
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required to transfer a uniform resist pattern with high precision 
in a one-shot exposure region. 

In the exposure process of photolithography, a photomask 
on which a mask pattern including a transparent portion, an 
5 opaque portion, and a translucent portion is delineated, is 
uniformly illuminated by illumination beams from an 
illumination optical system so as to project a mask pattern 
image onto a one-shot exposure region on a semiconductor 
substrate using a projection optical system. Since a resist 
10 film is coated on the surface of the semiconductor substrate, 
a resist pattern is formed on the semiconductor substrate by 
a development process after exposure. 

The illumination optical system of the exposure tool 
includes a fly's eye lens and a condenser lens. The fly's eye 
15 lens receives illumination beams from a light source, and forms 
effective light sources on an output side of the fly's eye lens . 
The condenser lens gathers the emerged beams from the output 
side of the fly's eye lens, and uniformly illuminates a region 
on which the mask pattern of the photomask is delineated. 

20 Due to various characteristics of the illumination 

optical system of the exposure tool, pattern dimensions that 
need to be of the same dimension may vary in the one-shot exposure 
region. A reason for a variation in the pattern dimensions, 
for example, may be uneven illumination, where intensity of 
25 the illumination beams illuminating the photomask (hereinafter, 
referred to as an "exposure dose") , varies from place to place. 
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When a pattern dimension almost substantially equal to or less 
than the wavelength of the illumination beam, an exposure with 
an exposure dose different from an optimum exposure dose causes 
a variation of a transferred resist pattern dimension. Since 
5 the finer the pattern dimension, the smaller the allowable 
exposure dose range (exposure latitude) for formation of a resist 
pattern with a desired dimension, the uneven illumination must 
be strictly controlled. The uneven illumination is caused by 
a local defect, such as dust or a scratch on a surface of a 
10 lens included in the illumination optical system. 

Another factor that causes a variation in resist pattern 
dimensions in a one-shot exposure region is a variation in the 
shape of an effective light source, in particular, a variation 
in a size thereof („ value) . Since the „ value is one of the 
15 factors that determine an imaging characteristic of a lens, 
the variation in the „ value represents changes in resolution 
and exposure latitude. In addition, in recent years, a 
modified illumination such as annular illumination is actively 
utilized for improving resolution. In this case, in addition 
20 to the „ value, the variation of an annular shield factor in 
the one-shot exposure region causes a variation of the resist 
pattern dimension. For example, the „ value varies due to an 
aberration of the condenser lens located between the effective 
light source and the photomask, and the variation of the resist 
25 pattern dimension occurs (Proceedings of SPIE, March, 1999, 
Vol . 3679 , p. 87-98) . 
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An inspection method for 



an exposure tool has been 



disclosed, in which an illumination distribution is measured 
on an aperture stop of the projection optical system or on a 
conjugate position of the aperture stop (Japanese Patent Laid 
Open No. 2928277) . 

The variation of the resist pattern dimension in the 
one-shot exposure region may result from various factors such 
as not only a local defect of the illumination optical system, 
but also an aberration and flare of the proj ection optical system, 
a dimensional error of the mask pattern on the photomask, a 
variation of a coated thickness of the resist film, nonuniformity 
of development, or the like. Accordingly, whether or not the 
illumination optical system of the exposure tool causes the 
variation of the resist pattern dimension may not be determined 
only by inspecting the transferred resist pattern for 
manufacturing a semiconductor device. 

In the method disclosed in Japanese Patent Laid Open No. 
2928277, itis necessary to install an illumination distribution 
detection unit in an appropriate position in the exposure tool . 
Thus , the configuration of the exposure tool may be more complex . 
In addition , an exposure tool which does not have an illumination 
distribution detection unit cannot perform inspection. 



SUMMARY OF THE INVENTION 

A first aspect of the present invention inheres in an 




inspection method for an illumination optical system of an 
exposure tool including coating a surface of an exposure target 
substrate with a resist film; placing a plurality of imaging 
components deviating from an optical conj ugate plane of a surface 
5 of the resist film; generating a plurality of inspection patterns 
of the resist film having a plurality of openings , by projecting 
exposure beams output from a plurality of effective light sources 
onto the resist film via the imaging components ; measuring one 
of the inspection patterns as a reference image, and processing 
10 the reference image so as to provide reference image data; and 
determining an abnormal inspection image by measuring 
inspection images of the inspection patterns and comparing a 
plurality of inspection image data provided by processing the 
inspection images with the reference image data. 

15 A second aspect of the present invention inheres in a 

processor for inspecting an illumination optical system of an 
exposure tool including a data input module configured to acquire 
a reference image and inspection images of a plurality of 
inspection patterns of a resist film having a plurality of 
20 openings, the inspection patterns obtained by projecting 
exposure beams output f rom a plurality of effective light sources 
onto the resist film coated on a surface of an exposure target 
substrate by a plurality of imaging components, the imaging 
components placed so as to deviate from an optical conjugate 
25 plane of the surface of the resist film; an image processing 
module configured to calculate reference image data and 
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inspection image data from the reference image and the inspection 
images, respectively; and a determination module configured 
to compare the inspection image data with the reference image 
data, so as to determine whether the inspection image data is 
5 abnormal. 

A third aspect of the present invention inheres in a method 
for manufacturing a semiconductor device including executing 
an inspection processing of an exposure tool including: coating 
a surface of an inspection target substrate with an inspection 
10 resist film; placing a plurality of imaging components deviating 
from an optical conjugate plane of a surface of the inspection 
resist film; generating a plurality of inspection patterns of 
the inspection resist film having a plurality of openings, by 
projecting exposure beams output from a plurality of effective 
15 light sources onto the inspection resist film via the imaging 
components ; measuring one of the inspection patterns as a 
reference image, and processing the reference image so as to 
provide reference image data; and determining an abnormal 
inspection image by measuring inspection images of the 
20 inspection patterns and comparing a plurality of inspection 
image data provided by processing the inspection images with 
the reference image data; correcting the exposure tool by 
acquiring a type of defect from the abnormal inspection image 
when the abnormal inspection image is determined to occur; 
25 coating a semiconductor substrate with a manufacturing resist 
film; loading a manufacturing photomask and the semiconductor 
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substrate to the exposure tool , and subj ecting the semiconductor 
substrate to a manufacturing process of a semiconductor device 
by delineating the manufacturing resist film using the 
manufacturing photomask. 



BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic block diagram of an exposure tool 
for an inspection method according to an embodiment of the 
present invention; 

FIG. 2 is a plan view for describing an example of an 
inspection photomask for the inspection method according to 
the embodiment of the present invention; 

FIG. 3 is a cross-sectional view of the inspection 
photomask taken along line Ill-Ill in FIG. 2; 

FIG. 4 is a perspective view for describing an example 
of a fly's eye lens of the exposure tool for the inspection 
method according to the embodiment of the present invention; 

FIG. 5 is a diagram for describing an example of light 
paths of exposure beams in an illumination optical system for 
illuminating the inspection photomask for the inspection method 
according to the embodiment of the present invention; 

FIG. 6 is a plan view for describing an example of an 
inspection pattern transferred onto a semiconductor substrate 
from the inspection photomask for the inspection method 
according to the embodiment of the present invention; 




FIG. 7 is a cross-sectional view of the inspection pattern 
transferred onto the semiconductor substrate taken along line 
VII-VII in FIG. 6; 

FIG. 8 is a view for describing an example of a shape 
5 of the inspection pattern transferred onto the semiconductor 
substrate from the inspection photomask for the inspection 
method according to the embodiment of the present invention; 

FIG. 9 is a diagram for describing an example of light 
paths of the exposure beams in the illumination optical system 
10 with a local defect, illuminating the inspection photomask 
according to the embodiment of the present invention; 

FIG. lOisa cross-sectional view for describing an example 
of an inspection pattern generated onto the semiconductor 
substrate through the illumination optical system with a local 
15 defect from the inspection photomask for the inspection method 
according to the embodiment of the present invention; 

FIG. 11 is a diagram for describing an example of light 
paths of exposure beams in the illumination optical system with 
a local defect , illuminating the inspection photomask according 
20 to the embodiment of the present invention; 

FIG. 12 is a view for describing another example of an 
inspection pattern transferred onto the semiconductor 
.substrate through the illumination optical system with a local 
defect from the inspection photomask for the inspection method 
25 according to the embodiment of the present invention; 

FIG. 13 is a diagram for describing a schematic 
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configuration of an inspection system according to the 
embodiment of the present invention; 

FIG. 14 is a flowchart for describing the inspection method 
according to the embodiment of the present invention; 

FIG. 15 is a view for describing an example of an exposure 
field on the semiconductor substrate for the inspection method 
according to the embodiment of the present invention; 

FIG. 16 is a schematic block diagram of an exposure tool 
for an inspection method according to a first modification of 
the embodiment of the present invention; 

FIG. 17 is a plan view for describing an example of a 
lens array for the inspection method according to the first 
modification of the embodiment of the present invention; 

FIG. 18 is a schematic block diagram of an exposure tool 
for an inspection method according to a second modification 
of the embodiment of the present invention; 

FIG. 19 isa view for describing an example of an inspection 
photomask for an inspection method according to a third 
modification of the embodiment of the present invention; 

FIG. 20 is a cross-sectional view of the inspection 
photomask taken along line XX-XX in FIG. 19; 

FIG. 21 is a diagram for describing an example of an 
inspection pattern generated onto the semiconductor substrate 
from the inspection photomask for the inspection method 
according to the third modification of the embodiment of the 
present invention; and 
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FIG. 22 is a diagram for describing another example of 
an inspection pattern generated onto the semiconductor 
substrate from the inspection photomask for the inspection 
method according to the third modification of the embodiment 
of the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 
An embodiment of the present invention will be described 
with reference to the accompanying drawings . It is to be noted 
that the same or similar reference numerals are applied to the 
same or similar parts and elements throughout the drawings, 
and the description of the same or similar parts and elements 
will be omitted or simplified. 

An exposure tool, which is used for describing an 
inspection method according to an embodiment of the present 
invention, is a refracting exposure tool (scanner) as shown 
in FIG. 1 with a reduction ratio of 1/4. A krypton fluoride 
(KrF) excimer laser with a wavelength of X - 248 nm is used 
as a light source 10 . An illumination optical system 13 includes 
a fly ' s eye lens 11, a condenser lens 12 andthelike. Anaperture 
stop 16 is placed in a projection optical system 15. Exposure 
beams output from the light source 10 project a semiconductor 
substrate 1 on a substrate stage 18 via the illumination optical 
system 13, an inspection photomask 4 placed on a mask stage 




Note that the scanner 



14, and a projection optical system 15. 
is shown as an exposure tool for convenience of description; 
alternatively, other than the scanner, a stepper or the like 
is also applicable. In addition, the reduction ratio is set 
to 1/4, however, an arbitrary reduction ratio is also permissible . 
Furthermore, the KrF excimer laser is used as the light source 
10, however, another type of excimer laser, such as argon 
fluoride (ArF) , or an ultraviolet light, such as i-line is also 
available . 

As shown in FIGS. 2 and 3, the inspection photomask 4 
used for describing the inspection method according to the 
embodiment of the present invention has an opaque film 26 of 
chromium (Cr) , chromium oxide (CrO) or the like, which is 
provided on a front surface of a transparent substrate 28 such 
as fused quartz , with a plurality of pinholes ( imaging component) 
24a, 24b, 24c, 24d, ..., 24z. For example, the transparent 

substrate 28 has a thickness of 6.3 mm, and the pinholes 24a, 

..., 24d, ..., 24z have a diameter D of 55 Jim arranged with a pitch 
S of 500 Jim and are provided throughout the entire front surface 
of a 100 x 140 mm patterned region of the inspection photomask 
4. Naturally, an opaque film is not provided on a rear surface 
of the transparent substrate 28, facing the front surface on 
which the opaque film 26 is provided. 

The fly's eye lens 11 of the illumination optical system 
13, which is one of the targets for inspection according to 
the embodiment of the present invention includes a plurality 
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of rod lenses 21 arranged in a matrix-like shape, as shown in 
FIG. 4. As shown in FIG. 5, exposure beams output from the 
light source 10 illuminate the inspection photomask 4 via the 
fly's eye lens 11 and the condenser lens 12. The inspection 
photomask 4 is placed such that the front surface having the 
pinholes 24a through 24h faces the illumination optical system 
13 . In other words , the front surface of the inspection 
photomask 4 is deviated from a plane where a pattern of the 
pinholes 24a through 24h is transferred on a surface of an 
exposure target substrate (semiconductor substrate) 1, that 
is, an optical conjugate plane. Therefore, the rear surface 
of the inspection photomask 4 corresponds to the optical 
conj ugate plane of the semiconductor substrate 1 . As a result , 
images for the pinholes 24a through 24h are not formed on the 
surface of the semiconductor substrate 1 by the exposure beams . 
In addition, the diameter D of each of the pinholes 24a, ..., 
24d, ..., 24z is designed so that the exposure beam incident to 
each of the pinholes 24a, ..., 24d, ..., 24z may focus on the rear 
surface of the transparent substrate 28 of the inspection 
photomask 4. In other words, the pinholes 24a, ..., 24d, ..., 24z 
function as an imaging component for a pinhole camera . 

For example , as shown in FIG . 5 , the exposure beams incident 
to the right and the left edge of a cross section of the rod 
lens 21a of the fly's eye lens 11 are provided as Blr and Bll, 
respectively; exposure beams incident to the right and the left 
edge of a cross section of the rod lens 21b are provided as 
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B2r and B21, respectively; the same for the rod lens 21c are 
provided as B3r and B31, respectively; the same for the rod 
lens 21d are provided as B4r and B41, respectively; and the 
same for the rod lens 2 le are provided as B5r andB51 , respectively 
5 Each of the exposure beams Blr, Bll, B2r, B21, B3r, B31 , B4r, 
B41, B5r , and B51 incident to the fly's eye lens 11 is gathered 
b Y the rod lenses 21a through 21e, forming effective light 
sources 22a, 22b, 22c, 22d, and 22e as point sources, 

respectively, on the output side of the fly's eye lens 11. The 
10 exposure beams Blr, Bll, B2r, B21, B3r, B31, B4r, B41, B5r, 
and B51 passed through the effective light sources 22a through 
22e, respectively, are refracted by the condenser lens 12, and 
enter any one of the pinholes 24a through 24h of the inspection 
photomask 4. For example, the exposure beams Bll, B21, B31, 
15 B41, and B51 incident to the left edges of the rod lenses 21a 

through 21e, respectively, enter the pinhole 24a at the right 
edge of the inspection photomask 4, so as to form effective 
light source images 44a through 44e on the rear surface of the 
transparent substrate 28 of the inspection photomask 4. On 
20 the other hand, the exposure beams Blr, B2r, B3r, B4r, and B5r 
incident to the right edges of the rod lenses 21a through 21e, 
respectively, enter the pinhole 24h at the left edge of the 
inspection photomask 4 , so as to form the effective light source 
images 44a through 44e on the rear surface of the transparent 
25 substrate 28 of the inspection photomask 4. Similarly, the 
exposure beams incident to intermediate regions ranging from 
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the left to the right edges of the respective rod lenses 21a 
through 21e enter any one of the pinholes 24b through 24g, which 
are placed at the intermediate regions ranging from the right 
to the left edge of the inspection photomask 4 corresponding 
to incident positions, by the condenser lens 12, so as to form 
the effective light source images 44a through 44e on the rear 
surface of the transparent substrate 28 of the inspection 
photomask 4 , respectively . In the embodiment of the present 
invention as described above , the exposure beams allow formation 
of the effective light source images 44a through 44e on the 
rear surface of the transparent substrate 28 of the inspection 
photomask 4 using the pinholes 24a through 24h of the inspection 
photomask 4 as lenses. More specifically, the rear surface 
of the inspection photomask 4 is optically conjugated for the 
effective light sources 22a through 22e. Accordingly, the 
exposure beams passing through the pinholes 24a through 24h 
of the inspection photomask 4 may reduce and project the 
effective light source images 44a through 44e of the effective 
light sources 22a through 22e, which are formed by the fly's 
eye lens 11, by the projection optical system 15, on the surface 
of the semiconductor substrate 1 that is optically conjugated 
for the rear surface of the transparent substrate 28 of the 
inspection photomask 4 and the effective light sources 22a 
through 22e. 

For example, a positive photoresist is coated on the 
surface of the semiconductor substrate 1. 



Then the surface 




of the semiconductor substrate 1 is exposed with the 
configuration shown in FIGS. 1 and 5 . After development, as 
shown in FIG. 6, the effective light source images 44a through 
44e of the effective light sources 22a through 22e are reduced 
5 and projected to an exposure field 30 of a resist film 36 on 
the surface of the semiconductor substrate 1 corresponding to 
the positions of the pinholes 24a, 24b, ..., 24z of the inspection 
photomask 4. Thus, inspection patterns 34a, 34b, 34c, 34d, 
..., 34z of the resist film 36 are generated. For example, in 
10 a cross-section of the inspection pattern 34a taken along line 
VII-VII in Fig. 6, as shown in FIG. 7, a plurality of openings 
35a through 35e corresponding to the plurality of effective 
light sources 22a through 22e, respectively, are formed. 
Therefore, as shown in FIG . 8, for example, an inspection pattern 
15 34 including a plurality of openings 35, which are 

two-dimensionally arranged corresponding to the rod lens 21 
of the fly's eye lens 11, is formed on the resist film 36. 

Next, a case of the illumination optical system 13 having 
a local defect is described below . As shown in FIG . 9, a defect 
20 7 , such as dust, is on a surface of the rod lens 21b facing 

the light source 10 shown in Fig. 1, among the rod lenses 21a 
through 21e in the fly's eye lens 11, for example. Exposure 
beams B2a through B2h incident to the rod lens 21b enter the 
pinholes 24a through 24e of the inspection photomask 4 via the 
25 illumination optical system 13. In this case, as shown in FIG. 
9, the exposure beams B2a through B2h are incident to the 
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condenser lens 12 being reversed mirror from side to side about 
the effective light source 22b, respectively. Thus, the 
exposure beam B2a is incident to the pinhole 24h , and the exposure 
beam B2b is incident to the pinhole 24g . Similarly, the exposure 
5 beams B2d through B2h are incident to the pinhole 24e through 
24a . Since the position of the defect 7 is the incident position 
of the exposure beam B2c, the exposure beam B2c may not transmit 
to the rod lens 21b. Accordingly, exposure beam B2c is not 
incident to the pinhole 24f via the rod lens 21b. As a result, 
10 as shown in FIG . 10 , openings 35a, 35c, 35d, and 35e corresponding 
to the effective light sources 22a, 22c, 22d, and 22e, 

respectively, are formed in the inspection pattern 34f of the 
resist film 36 corresponding to the pinhole 24f , while a defect 
image 37 without an opening is formed at a position corresponding 
15 to the effective light source 22b. Note that in the above 
description, the position of the defect 7 is on the surface 
of the incident side of the fly's eye lens 11. Alternatively, 
the position of the defect 7 may be on a surface of the output 
side of the fly's eye lens 11 or on a surface of the condenser 
20 lens 12. In addition, as the defect 7, not only the dust but 
also anything that can change the light path of the exposure 
beam, such as a scratch occurred on the fly's eye lens 11 or 
the condenser lens 12, may form a similar defect image. 
Furthermore, the case of a local defect 7 of the illumination 
25 optical system 13 being transferred to a single inspection 
pattern 34f is described. Alternatively, depending on the size 
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of the local defect 7, defect images may be transferred to a 
plurality of inspection patterns. For example, if the defect 
covers the entire rod lens 21b, the effective light source 22b 
is not formed. Therefore, the effective light sources 22a 
through 22e excluding the effective light source 22b are 
projected. As a result, a common defect is transferred to all 
inspection patterns . 

In addition, when the condenser lens 12 has an aberration , 
a light path of the exposure beam may vary, and the effective 
light source image to be projected onto the semiconductor 
substrate 1 may also vary. For example, as shown in FIG. 11, 
the condenser lens 12 has a local aberration on the left side. 
The exposure beams Blr, Bll, B2r, B21, B3r, B31 , B4r, B41, B5r, 
and B51 incident to the fly's eye lens 11 are gathered by the 
rod lenses 21a through 21e , respectively, forming the effective 
light sources 22a through 22e on the output side of the fly's 
eye lens 11. The exposure beams Bll, B21, B31, B41, and B51 
passing through the effective light sources 22a through 22e 
are incident to the pinhole 24a of the inspection photomask 
4 with an incident angle a. via the condenser lens 12. On the 
other hand, light paths for the respective exposure beams Blr, 
B2r, B3r, B4r, and B5r are abnormally diffracted due to the 
aberration of the condenser lens 12, and are incident to the 
pinhole 24h of the inspection photomask 4 with an incident angle 
P, which is smaller than the incident angle a. As a result, 
as shown in FIG. 11, a diameter d2 of a pattern formed by the 
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effective light source images 45a through 45e corresponding 
to the pinhole 24h is smaller than a diameter dl of a pattern 
formed by the effective light source images 44a through 44e 
corresponding to the pinhole 24a, which are formed via a normal 
5 region of the condenser lens 12 where there is no aberration. 
The effective light source images 44a through 44e and 45a through 
45e, which are formed by the beams passing through the pinholes 
24a and 24h, are reduced and projected onto the resist film 
36 by the projection optical system 15 , generating the inspection 
10 patterns 34a and 34h having a plurality of openings 35, as shown 
in FIG. 12 . The inspection patterns 34a and 34h have diameters 
dpi and dp2 , respectively, corresponding to the diameters dl 
and d2 of the patterns of the effective light source images 
44a through 44e and 45a through 45e according to the reduction 
15 ratio of the exposure tool. Consequently, the diameter dp2 
of the inspection pattern 34h is smaller by a difference Adp 
than the diameter dpi of the normal inspection pattern 34a. 
In this manner, the local aberration of the condenser lens 12 
may form a defect image, which has a variation in the shape 
20 of the inspection pattern 34h delineated to the resist film 
36. 

As described above, the case of a local defect of the 
illumination optical system 13 being transferred to a single 
inspection pattern is described. Alternatively, depending on 
25 the size of the local defect, the defect may be transferred 
to a plurality of inspection patterns. In addition, although 
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the transferred defect 37 shown in FIG. 10 or the difference 
Adp in the diameter of the effective light source image is minute , 
it can be observed by an optical microscope. Nevertheless, 
since several tens of thousands of pinholes 24a, 24b, ..., 24z 
5 are actually arranged on the inspection photomask 4, it is 
difficult and time consuming to sequentially examine the 
several tens of thousands of inspection patterns 34a, 34b, ... , 
34z delineated to the resist film 36 so as to extract the minute 
defect image 37, the inspection pattern 34f having the minute 
10 defect image 37, or the inspection pattern 34h having the 
variation Adp in the diameter of the effective light source 
image . 

According to the embodiment of the present invention, 
the plurality of pinholes 24a, 24b, ..., 24z in the inspection 
15 photomask 4 are placed so as to deviate from the optical conj ugate 
plane of the resist film 36 on the surface of the. semiconductor 
substrate 1 . The effective light sources 22a through 22e , which 
are formed by the illumination optical system 13 of the exposure 
tool, are then transferred to generate the plurality of 
20 inspection patterns 34a, 34b, ..., 34z on the resist film 36 

corresponding to the pinholes 24a, 24b, ..., 24z, respectively. 
One of the inspection patterns 34a, 34b, ..., 34z is measured 
as a reference image and is then subjected to an image processing 
to obtain reference image data. In addition, a plurality of 
25 inspection image data, which are obtained by image processing 
measured inspection images of the plurality of inspection 
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patterns 34a, 34b,..., 34z, are compared with the reference image 
data. The inspection image data include, for example, 
brightness of the inspection image of the inspection pattern, 
a shape including the diameter of the inspection image of the 
5 inspection pattern, and the like. For example, when a normal 
inspection pattern is selected as a reference image, inspection 
image data significantly different from the reference image 
data is determined as being abnormal. On the other hand, when 
an abnormal inspection pattern is used as a reference image, 
10 most inspection image data are determined to be significantly 
different. Therefore, a small number of inspection image data 
not significantly different from the reference image data should 
be determined as being abnormal. In this manner, according 
to the embodiment of the present invention, the inspection 
15 pattern 34f having the minute defect image 37, the inspection 
pattern 34h having the variation Adp in the diameter of the 
effective light source image can be easily detected . Moreover , 
even when all of the inspection image data is determined as 
being normal, all images may include a common defect. In such 
20 case, whether or not a common defect occurs is determined by 
inspecting one of the inspection images or the reference image. 

As shown in FIG. 13, an inspection system used for an 
inspection method according to the embodiment of the present 
invention includes an inspection apparatus 51, which optically 
25 measures an inspection pattern and converts the measured resist 
pattern to an image, a processor 60, which acquires the image 
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measured by the inspection apparatus 51 and subjects the image 
to an image processing, and an external memory unit 55, which 
stores information, such as an image output from the inspection 
apparatus 51 and image data processed by the processor 60. In 
addition, an input unit 66 and an output unit 68 are connected 
to the processor 60 . 

The input unit 66 refers to instruments such as a keyboard, 
a mouse and the like. When an input operation is performed 
by the input unit 66, corresponding key information is 
10 transmitted to the processor 60. The output unit 68 refers 
to a screen such as a monitor or the like, a liquid crystal 
display (LCD) , a light-emitting diode (LED) panel, an 
electroluminescence (EL) panel and the like. 

The inspection apparatus 51, for example, illuminates 
15 an inspection pattern delineated to the resist film 36 on the 
semiconductor substrate 1 using an illumination apparatus, so 
as to focus the reflected light from the inspection pattern 
on a photoelectric transfer device such as a charge coupled 
device (CCD) by a detection optical system including an imaging 
20 lens. Furthermore, the inspection apparatus 51 converts an 
electric signal detected by the photoelectric transfer device 
to an image . 

The processor 60 has a data input module 61 , which acquires 
a reference image and an inspection image of an inspection 
25 pattern delineated onto the resist film 36 from the inspection 
apparatus 51, an image processing module 62, which calculates 
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reference image data and inspection image data from the reference 
image and the inspection image , a determination module 63 , which 
determines whether or not the inspection image data is abnormal 
by comparing the reference image data and the inspection image 
5 data, an output module 64, which outputs a determination result 
as an inspection data file, and an internal memory 65, which 
stores the inspection data file. The processor 60 may be 
provided by a central processing unit (CPU) used for a computer . 
Note that the inspection data file may be stored in the external 
10 memory unit 55. In such manner, with the inspection system 
according to the embodiment of the present invention, since 
the processor 60 provided by the CPU automatically detects the 
inspection pattern 34f having the minute defect image 37 or 
the inspection pattern 34h having the variation Adp in the 
15 diameter of the effective light source, inspection processing 
for the illumination optical system 13 can be implemented within 
a short time . 

Next, an inspection method according to the embodiment 
of the present invention is described below with reference to 
20 a flowchart shown in FIG. 14. 

(a) To begin with , in Step S201, a resist film 36 is coated 
on a surface of an inspection target substrate (semiconductor 
substrate) 1, and the semiconductor substrate 1 is then loaded 
to the exposure tool shown in FIG. 1 . The inspection photomask 
25 4 shown in FIG. 2, having a front surface in which a plurality 

of pinholes 24a through 24z are arranged, is placed so as to 
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deviate the front surface of the inspection photomask 4 from 
the optical conjugate plane of the surface of the resist film 
36 . By proj ecting each exposure beam output from the plurality 
of effective light sources 22a through 22e to the resist film 
5 36 via the plurality of pinholes 24a through 24z, a plurality 

of inspection patterns 34a through 34z having a plurality of 
openings are generated . As shown in FIG . 15 , by using a one-shot 
static exposure method, the inspection photomask 4 is 
sequentially exposed to each of a plurality of exposure fields 
10 30a, 30b, ..., 30k, ..., on the resist film 36 coated on the surface 

of the semiconductor substrate 1 , with changing exposure doses , 
respectively. After development of the exposed semiconductor 
substrate 1, transferred images are observed using an optical 
microscope, and the most appropriate exposure field is selected 
15 for inspection. 

(b) Next, in Step S202, the semiconductor substrate 1 
is loaded in the inspection apparatus 51 in FIG. 13, and the 
images of the inspection patterns 34a, 34b, ... in the selected 
exposure field are measured. 

20 (c) In Step S203 , the data input module 6 1 in the processor 

60 acquires images from the inspection apparatus 51. 

(d) In Step 204, the image processing module 62 selects 
one of the images acquired from the inputmodule 61 , as a reference 
image, and other images as inspection images. By image 
25 processing of the reference image and the inspection images, 
reference image data and inspection image data including such 
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data as brightness, shape and the like are created. 



(e) In Step S205, the determination module 63 compares 
the inspection image data with the reference image data in order 
to determine whether or not there is abnormal inspection image 

5 data that shows a significant difference. 

(f ) If it is determined that there is abnormal inspection 
image data, the illumination optical system 13 of the exposure 
tool is corrected based on a defect image of the abnormal 
inspection image in Step S206, and then inspection processing 

10 is repeated from Step S201 . 

(g) On the contrary, if it is determined that there is 
no abnormal inspection image data, one of the reference image 
and the inspection images is checked in Step S207. Then, in 
Step S208 , it is determined whether or not a common defect occurs . 

15 (h) If it is determined that a common defect has occurred, 

in Step S209 , the illumination optical system 13 of the exposure 
tool is corrected based on the checked result of the image, 
and then inspection processing is repeated from Step S201 . 

(i) On the contrary, if it is determined that there is 
20 not either of a defect image nor a common defect in the inspection 
image , inspection processing of the illumination optical system 
13 of the exposure tool ends. Consequently, the exposure tool 
is available for a manufacturing process of a semiconductor 
device. For example, in Step S210, a circuit pattern is 
25 transferred onto the resist film of the semiconductor substrate 
for manufacturing the semiconductor device. In Step S211, a 
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manufacturing process of the semiconductor device is 
implemented using the transferred circuit resist pattern as 
a mask. 

In the inspection method according to the embodiment of 
5 the present invention, since the processor 60 automatically 
detects the inspection pattern 34f having the minute defect 
image 37 or the inspection pattern 34h having the variation 
Adp in the diameter of the effective light source, by comparing 
the inspection image data with the arbitrarily selected 
10 reference image data , inspection processing of the illumination 
optical system 13 can be implemented within a short time. 

In addition, with the inspection method according to the 
embodiment of the present invention, the inspection patterns 
34a through 34z having the openings 35a through 35e, which are 
15 transferred images of the effective light sources 22a through 
22e formed by the illumination optical system 13 , are subj ected 
to inspection, inspection processing for a local defect of the 
illumination optical system 13 which can be directly 
implemented . 

20 

(FIRST MODIFICATION) 

As shown in FIG. 16, an inspection method according to 
a first modification of the embodiment of the present invention 
uses a lens array 6 as an imaging component instead of pinholes 
25 arranged on a front surface of an inspection photomask. A 
transparent substrate 8 which does not have an opaque film is 
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placed on a mask stage 14 in place of the inspection photomask. 
The lens array 6 is placed between the transparent substrate 
8 and the illumination optical system 13. Since the first 
modification of the embodiment of the present invention is the 
5 same as the embodiment of the present invention except for the 
lens array 6 used inplaceof the pinholes , duplicate description 
is omitted. 

As shown in FIG. 17, the lens array 6 according to the 
first modification of the embodiment of the present invention 
10 has a plurality of lenses 41, which are two-dimensionally and 
periodically arranged on a surface of a lens support substrate 
42 , which is made of a transparent material such as fused quartz . 
The lens array 6 is placed at a plane that is deviated from 
the optical conjugate plane of the surface of the semiconductor 
15 substrate 1 so that the plurality of lenses 41 focus on the 
optical conjugate plane of the surface of the semiconductor 
substrate 1 . Accordingly, positions of effective light sources 
of the illumination optical system 13 and the focal positions 
of the plurality of lenses 41 are optically conjugated, and 
20 a plurality of images of the effective light sources are 
projected onto the surface of the semiconductor substrate 1 
by the plurality of lenses 41, respectively. Thus, use of the 
inspection pattern delineated onto the resist film of the 
semiconductor substrate 1 allows detection of a local defect 
25 of the illumination optical system 13 in the exposure tool. 

According to the inspection method of the first 
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modification of the embodiment of the present invention, 
inspection processing for a local defect of the illumination 
optical system can be easily implemented within a short time. 

5 (SECOND MODIFICATION) 

As shown in FIG. 18, according to an inspection method 
of a second modification of the embodiment of the present 
invention, an inspection photomask 4a is placed so that a 
plurality of pinholes on the front surface of the photomask 
10 4a face the projection optical system 15. The semiconductor 
substrate 1 placed on the substrate stage 18 is moved downwardly 
by a distance Ldf so that the surface of the semiconductor 
substrate 1 deviates from the optical conjugate plane of the 
front surface of the inspection photomask 4a in which the 
15 pinholes are arranged. According to the second modification 
of the embodiment of the present invention, the positions of 
the inspection photomask 4a and the semiconductor substrate 
1 are different from the positions of the embodiment of the 
present invention. Since other elements are the same, duplicate 
20 descriptions are omitted. 

The inspection photomask 4a used for the inspection method 
according to the second modification of the embodiment of the 
present invention has a plurality of pinholes arranged in an 
opaque film having a diameter D of 3 pm arranged with a pitch 
25 s of 30 pm throughout the entire front surface of a 100 x 140 
mm patterned region of the inspection photomask 4a. The 
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effective light source of the illumination optical system 13 
and the surface of the semiconductor substrate 1 can be on the 
optical conjugate plane with each other by moving the surface 
of the semiconductor substrate 1 by a distance Ldf , for example, 
5 30 pm in a direction opposite to the projection optical system 

15 from the optical conjugate plane of the front surface of 
the inspection photomask 4a. Accordingly, images of the 
effective light source of the illumination optical system 13 
are pro j ected onto the semiconductor substrate 1 . As a result , 
10 an inspection pattern is transferred onto the resist film of 
the semiconductor substrate 1, allowing detection of a local 
defect of the illumination optical system 13 in the exposure 
tool . 

According to the inspection method of the second 
15 modification of the embodiment of the present invention, 
inspection processing for the local defect of the illumination 
optical system can be easily implemented within a short time. 

(THIRD MODIFICATION) 

20 As shown in FIG. 19, in an inspection photomask 4b used 

for an inspection method according to a third modification of 
the embodiment of the present invention, an opaque film 126 
has a pinhole 127 made from a translucent film 124 having a 
plurality of circular transparent portions 129 arranged in 
25 a grid pattern. Note that the single pinhole 127 of the 
inspection photomask 4b is shown in FIG. 19, however, the 
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inspection photomask 4b includes a plurality of pinholes the 
same as pinhole 127, which are omitted in the drawing. As shown 
in FIG. 20, the pinhole 127 configures a diffraction grating 
with circular transparent portions 129, which are 
5 two-dimensionally and repeatedly arranged in the translucent 
film 124 disposed in between the transparent substrate 128 and 
the opaque film 126. The translucent film 124 has a 
transmittance of 6% and provides a phase difference of 180 
degrees in the light passing through the translucent film 124 
10 with the light passing through a transparent portion 129 . Since 
the configuration of the third modification of the embodiment 
of the present invention is the same as that of the embodiment 
of the present invention except for the pinholes 127 of the 
inspection photomask 4b which configures the diffraction 
15 grating with the translucent film 124 and transparent portions 
129, duplicate description is omitted. 

When an exposure process is carried out with the exposure 
tool shown in FIG. 1 using the inspection photomask 4b according 
to the third modification of the embodiment of the present 
20 invention, exposure beams are diffracted by the diffraction 
grating of the pinhole 127, and a plurality of effective light 
source images are projected onto a resist film on the surface 
of the semiconductor substrate 1. For example, as shown in 
FIG. 21, an inspection pattern 130, which is transferred from 
25 a zeroth-order diffraction beam, and first through fourth 
first-order diffraction images 131 through 134, which are 
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transferred from four first-order diffraction beams , are formed 
around the inspection pattern 130. The inspection pattern 130 
is an effective light source image of the illumination optical 
system 13, which is transferred through the pinholes 127, as 
5 with the inspection pattern, which is transferred from the 
inspection photomask 4 according to the embodiment of the present 
invention. Therefore, inspection processing for a local defect 
of the illumination optical system 13 can be implemented using 
the inspection pattern 130. On the other hand, the first and 
10 the second first-order diffraction images 131 and 132, which 
face each other, and the third and the fourth first-order 
diffraction images 133 and 134, which face each other in a 
direction perpendicular to the line from the first first-order 
diffraction image 131 to the facing second first-order 
15 diffraction image 132, are the effective light source images 
from the first-order diffraction beams, which are partially 
shielded by a circular outer edge 135 corresponding to the 
circular aperture stop 16 in the projection optical system 15. 
Here, the outer edge 135 corresponds to the boundary of the 
20 aperture stop 16 and reflects the size of the aperture stop 
16 in the projection optical system 15. Therefore, the radius 
of the outer edge 135 is in proportion to the numerical apertures 
(NA) on an output side of the projection optical system 15. 

If the illumination optical system 13 and the projection 
25 optical system 15 are normal, the center C of the outer edge 
135 will match with the center of the inspection pattern 130, 
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as shown in FIG. 21. For example, as shown in FIG. 22, the 
center C of the outer edge 135 deviates from the center Co of 
the inspection pattern 130a. A variation between the center 
C of the outer edge 135 and the center Co of the inspection 
5 pattern 130a is defined as an "illumination telecentricity 
error". The illumination telecentricity error is , for example, 
as described in the f orementioned publication (Proceedings of 
SPIE, March, 1999 , Vol . 3679 , p. 87-98) , caused by an aberration 
of the condenser lens 12 , and may cause deterioration in imaging 
10 characteristics. In the example shown in FIG. 22, the 
illumination telecentricity error occurs where the center Co 
of the inspection pattern 130a deviates in a direction from 
the first first-order diffraction image 131a towards the second 
first-order diffraction image 132a, which faces the first 
15 first-order diffraction image 131a. Generally, the 

illumination telecentricity error depends on an aberration of 
the condenser lens 12 and occurs in an arbitrary direction on 
the surface in which the inspection pattern 130a and the first 
through fourth first-order diffraction images 131a through 134a 
20 are formed. By using the variation between the center Co of 
the inspection pattern 130a and the center C of the outer edge 
135 provided from the peripheries of the first through the fourth 
first-order diffraction images 131a through 134a due to the 
first-order diffraction beams, as image data, inspection 
25 processing for the aberration of the condenser lens 12, which 
causes an illumination telecentricity error, can be 
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implemented . 

In addition, the numerical apertures NA on the output 
side of the projection optical system 15 may vary due to a 
production variance of the exposure tool. The numerical 
5 apertures NA on the output side of the projection optical system 
15 relates to the resolution and the depth of focus of the exposure 
tool. Therefore, a variation of the numerical apertures NA 
on the output side of the projection optical system 15 may cause 
a variation in transferred resist pattern dimensions . The size 
10 of the numerical apertures NA on the output side of the pro j ection 

optical system 15 corresponds to the outer edge 135 . Therefore , 
usage of the diameter of the outer edge 135 as image data, which 
is provided by image processing, allows inspection of the 
variation in the numerical apertures NA on the output side of 
15 the projection optical system 15. 

According to the inspection method of the third 
modification of the embodiment of the present invention, 
inspection processing for a local defect of the illumination 
optical system 13 can be easily implemented within a short time . 
20 in addition, according to the inspection method of the third 
modification of the embodiment of the present invention, 
inspection processing for the aberration of the condenser lens 
12 in the illumination optical system 13 or for the variation 
in the numerical apertures NA on the output side of the proj ection 
25 optical system 15 can be easily performed within a short time. 



32 




(OTHER EMBODIMENTS) 

According to the inspection method of the embodiment of 
the present invention, the inspection photomask 4 is placed 
facing upward so that the front surface of the inspection 
5 photomask 4 in which the pinholes 24a through 24h are arranged, 
faces the illumination optical system 13. Alternatively, the 
pinholes may be provided at certain positions other than on 
the front surface of the photomask. For example, pinholes may 
be provided on a pellicle, which is used to protect the surface 
10 of a photomask, made of an opaque material. Alternatively, 
pinholes may be provided either in a space between the mask 
stage 14 and the illumination optical system 13 or the proj ection 
optical system 15, or a space between the projection optical 
system 15 and the substrate stage 18. Even in such a case, 
15 since the plane of the pinholes deviates from the optical 
conjugate plane of the surface of the semiconductor substrate 
1, needless to say, the same effect as with the embodiment of 
the present invention can be obtained. 

Various modifications will become possible for those 
20 skilled in the art after storing the teachings of the present 
disclosure without departing from the scope thereof. 
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